Background: Image quality benefits from high-pitch scanning in agitated patients by reducing acquisition time. Purpose: To compare image quality and exposure parameters in patients with maxillofacial trauma on second-and third-generation dual-source computed tomography (DSCT). Material and Methods: Four groups were compared. Group 1 was examined on second-generation DSCT (120 kV/50 mAs, pitch 3.0). The other three groups were examined on third-generation DSCT. Group 2 was scanned with 120 kV/50 mAs, pitch 2.2. Automated exposure control (AEC) was used in group 3 and group 4 with pitch factors of 2.2 and 3.0, respectively. Images of third-generation DSCT were reconstructed with iterative reconstruction (IR), of secondgeneration DSCT with filtered back-projection. CTDIvol, acquisition time, and image quality were compared. Results: Thirty patients were included in each group. Average CTDIvol (2.76 AE 0.00 mGy, 2.66 AE 0.00 mGy, 0.74 AE 0.23 mGy, and 0.75 AE 0.17 mGy) was significantly lower on third-generation DSCT with AEC (P < 0.001). Subjective image quality was rated worst in group 4 due to strong high-pitch artifacts, while in the remaining three groups it was rated good or very good with good inter-observer agreement (k > 0.64). Average acquisition time was significantly shorter with third-generation DSCT (0.47 s, 0.36 s, 0.38 s, 0.30 s; P < 0.001). Conclusion: Third-generation DSCT yields faster acquisition times and substantial dose reduction with AEC. A pitch of 2.2 should be preferred, as it results in fewer artifacts. If AEC is used, latest IR ensures that diagnostic image quality is guaranteed.
Introduction
Interpersonal violence has become increasingly important with maxillofacial trauma in Europe (1, 2) . Recent studies show that assaults are the most frequent cause of maxillofacial trauma, followed by falls, sport, and road traffic accidents (3, 4) . Alcohol consumption plays a crucial role (4) . Computed tomography (CT) is the most commonly used modality in facial traumatology, as it provides highly accurate and rapid diagnosis (5) (6) (7) . However, drunk patients are often incompliant with resulting motion artifacts prohibiting precise diagnostics. In particular, orbital fractures can cause troublesome injuries, such as optic nerve compression or muscular entrapment (8) . Thus, a contemporary examination should be performed. Modern dual-source CT (DSCT) with its high-pitch technique (9-11) allows for faster examination times with consequent reduction of motion artifacts (12, 13) at significantly lower dose (14, 15) . Recent studies have suggested further dose reduction and improved image quality through the implementation of advanced modeled iterative reconstruction algorithm (ADMIRE) (16) (17) (18) (19) . However, an inappropriate increase of the pitch factor leads to increased image noise and streaky artifacts along the z-axis due to helical interpolation in the reconstruction process (20, 21) . Thus, the purpose of this study was to define the optimal examination protocol for the evaluation of maxillofacial trauma in drunk, agitated patients, combining short acquisition times and low exposure by using the high-pitch technique with second-and third-generation DSCT. The influence of pitch, reconstruction mode (filtered back-projection [FBP] or iterative reconstruction [IR] ) and automated exposure control (AEC) on image quality was examined.
Material and Methods

Patient population
The study complies with the Guidelines of Helsinki in its current version and was approved by the ethics committee of our hospital. The need for informed patient consent was waived. The data were retrospectively acquired from consecutive adult patients (!18 years) that underwent clinically indicated paranasal sinus DSCT due to maxillofacial trauma after assault in combination with alcohol consumption. We excluded examinations with aberrations from the four routine CT protocols (like c-spine scans, whole-body polytrauma scans, etc.). Patients were identified by a search in the RIS/PACS. Four groups with different scan protocols defined below were compared. Demographics are listed in Table 1 .
Scan parameters and image reconstruction
Group 1 was examined on a second-generation 128-slice DSCT (Somatom Definition Flash, Siemens Healthcare, Forchheim, Germany) with fixed 120 kV/ 50 mAs and a pitch factor of 3.0. The other three groups were examined on a third-generation 192-slice DSCT (Somatom Force) with fixed 120 kV. Group 2 was scanned with fixed 50 mAs and a pitch factor of 2.2. Automated exposure control (AEC) was used in groups 3 and 4 with pitch factors of 2.2 and 3.0, respectively. Those protocol changes describe the empirical optimization process we used in the routine setting to escalate radiation exposure and acquisition speed. All scanning parameters are listed in Table 1 . Images were acquired in caudo-cranial direction without intravenous contrast.
Images of second-generation DSCT were reconstructed with FBP and those of third-generation Patient age was comparable in all four groups (P > 0.05). There were significantly more male patients in all groups (P < 0.001). DSCT with advanced modelled IR at a median level (ADMIRE-3). The strength parameter represents the degree of noise reduction and can be selected between 1 (low) and 5 (high). Transverse images were reconstructed in two different sets by using an edge-enhancing kernel (B70f on the Flash, Br64 on the Force) with a slice thickness and increment of 0.75/0.4 mm and 2/2 mm, respectively. In addition, multiplanar reformatted coronal and sagittal images were reconstructed with a slice thickness of 2 mm and an increment of 2 mm. Images were equivalently reconstructed in all three orientations using a soft tissue kernel (B30f or Br40). All images were sent to the local PACS where clinical reading and reporting was done.
Acquisition length and time
The acquisition length (in cm) was defined as the quotient of the dose-length-product (DLP in mGycm) and volume CT dose index (CTDI vol in mGy) of each patient. These parameters were taken from the examination protocol. Acquisition time (in s) was defined as the quotient of the acquisition length (in cm) and the table speed (cm/s).
Image analysis
All quantitative measurements were performed on a PACS workstation (Centricity 4.2, GE Healthcare, Dornstadt, Germany) using a standard cross-sectional imaging reading monitor (3 MP, RadiForce RX240, Eizo, Ishikawa, Japan) by an unblinded radiologist with four years of experience. Edge-enhancing kernel transverse images were used to evaluate image noise, which was defined as the standard deviation of extracorporal air (SD) in Hounsfield Unit (HU). Therefore, three regions of interest (ROIs) with a diameter of 10 mm were placed in the air outside the skull at the level of the orbital cavity. The average of these three values was noted. Similarly, three ROIs were placed in the retro-orbital fat, the zygomatic process (bone), and the masseter muscle, and averages of the gray values were calculated (Average fat, bone, muscle ).
The contrast-to-noise ratio (CNR) was calculated for bone vs. muscle and muscle vs. fat according to the following formula: CNR x/y ¼ (Average xAverage y )/SD. Subjective image quality analysis was performed by two independent radiologists (resident with four and attending with nine years of experience). The readers were blinded to the particular acquisition and reconstruction technique. Patients of all groups were presented in random order. Images were arranged in standard bone (level 700; width 2700 HU) and soft tissue window (level 50; width 400 HU) in transverse, coronal, and sagittal orientation. The readers were allowed to scroll through the whole stack of CT images and to freely adjust window settings. The main quality criterion was image sharpness, especially according to the bony structures and retro-orbital soft tissue. For this purpose, a five-point scale was used: 1 ¼ very good: no artifacts or relevant image noise. Bones and soft tissue can be evaluated excellently, e.g. fractures or hematoma can certainly be distinguished or excluded; 2 ¼ good: slight artifacts or increase of image noise, but without relevant impact on overall image quality and diagnostic confidence; 3 ¼ satisfactory: artifacts and/or increase of image noise, so that single areas are not optimally displayed. Relevant pathologies are still identifiable; 4 ¼ deficient: artifacts and/or increase of image noise hinder the evaluation, e.g. fractures or small hematoma cannot certainly be distinguished or excluded. The examination may be repeated at the discretion of the reading radiologist; and 5 ¼ non-diagnostic: no sufficient evaluation possible. The examination has to be repeated.
Motion artifacts, which occur due to incompliance and motion of the patient, were also considered during subjective image analysis. Therefore, raters were instructed to document motion artifacts on a threepoint scale (1 ¼ none, 2 ¼ slight, 3 ¼ severe). Readers noted any present maxillofacial fractures.
CT dose parameters
Volume CT dose index (CTDIvol) and dose-lengthproduct (DLP) are the indicators of patient exposure and individually documented in the examination protocol at the end of a CT examination. As in some cases the scan length varied due to the clinical indications for imaging (inclusion of the whole mandible in a few cases), we decided to compare CTDIvol instead of DLP values as they may be more appropriate as not influenced by scan length. CTDIvol values of all protocols are referring to a 32-cm body phantom according to the manufacturer's standard.
Statistical analysis
Statistical analysis was performed with BiAS 11.06 for Windows (Epsilon Verlag, Frankfurt, Germany). The inter-reader agreement for subjective image quality was assessed with Cohen's weighted kappa (k > 0. 
Results
Thirty patients were found in our RIS/PACS system meeting the inclusion criteria in each group. The patient groups were comparable regarding age and gender distribution with significantly more males ( Table 1) . Both readers independently detected 59 fractures. There were 11 (37%) fractures in group 1, 12 (40%) in group 2, 19 (63%) in group 3, and 17 (57%) in group 4.
Average scan range was significantly shorter in group 2 compared to all other groups (P < 0.001). There was also a slight but statistically significant difference in the scan range between group 1 and group 3 (P ¼ 0.01, Table 2 ).
Average acquisition time was significantly faster in all third-generation DSCT groups (P < 0.001 for all). Group 4 was significantly faster than groups 2 and 3 (P < 0.001, Table 2 ).
CTDIvol decreased significantly in both groups scanned on the third-generation DSCT with AEC (73% compared to group 1 and -72% compared to group 2; P < 0.001 for both) without significant difference among each other (P ¼ 0.21, Table 2 ).
Image noise increased significantly in the groups using AEC without significant difference among each other (P ¼ 0.46). Using fixed mAs, noise was significantly lower (P < 0.001) in groups 1 and 2 without significant difference among each other (P ¼ 0.78). In the same manor, the average CT values of bone (P < 0.01) and muscle (P < 0.001) as well as the CNR (x/y) decreased in the groups with AEC (P < 0.02). There was no significant difference of the average CT values of fat between the groups (P > 0.1, Table 3 ).
Subjective image quality was rated significantly better in the first three groups compared to group 4 (P < 0.001). Still the average image quality of group 4 was scored good by both readers with values of 2.43 and 2.27, respectively. Even though AEC was used in group 3, there was no significant difference to groups 1 and 2 with fixed mAs (P > 0.12; Figs. 1 and 2) . Overall the readers subjectively scored image quality to be best in group 2 without significant difference to groups 1 and 3 (average value 1.40 and 1.30, P > 0.06 for both). There was a good inter-observer agreement in all groups with k > 0.64. No examination was rated non-diagnostic.
Both readers documented severe motion artifacts (score 3) in three patients: one in group 1 and two in Table 3 shows objective image quality parameters with significant differences between groups with AEC and groups without AEC (P < 0.05). Flash, second generation; Force, third-generation DSCT. Acquisition time was generally significantly faster in the third-generation DSCT groups with wider detectors (P < 0.001). CT dose index volume (CTDIvol) decreased significantly in all third-generation DSCT groups, and even more in those with automated tube current output modulation (AEC) (P < 0.001). Flash, second generation; Force, third-generation DSCT. Fig. 2 . Normal anatomy. Objective and subjective image quality was best in groups 2 and 3 using third-generation DSCT and a pitch of 2.2 as artifacts were rare. In the other groups with a pitch of 3.0, streaky artifacts along the bone-edges occurred (arrow heads). This was most pronounced in group 4 using third-generation DSCT and AEC. group 3. Both readers rated patients with motion artifacts significantly worse (P ¼ 0.027 and P ¼ 0.034, respectively). All other examinations were rated with a motion artifact score of 1 by both readers. Consequently, the lowest given subjective image quality score for any examination by both reviewers was 4 (n ¼ 2). However, after consideration of potential additional radiation exposure in these younger patients by the reading radiologist, the examinations were not repeated. Table 4 gives an overview on the subjective image quality analysis.
Discussion
In industrialized countries assault-related maxillofacial fractures have evolved to be one of the most important causes of facial fractures (4, (22) (23) (24) (25) . Patients under the influence of alcohol often move precisely during image acquisition, which impedes diagnostics. A fast scan may reduce the need for a repetition of the examination (26, 27) . We found statistically significant shorter acquisition times with third-generation DSCT, that comes with wider detectors in comparison to its predecessor. However, we could not show a further advantage in terms of the incidence of motion artifacts between the patient groups. Even though a statistical time difference has been shown, the actual time period is probably too short to yield a further relevant impact on patient motion artifacts. Schell et al. (9) were the first to show the benefits of the dual-source high-pitch mode: movement artifacts hardly appeared with the dualsource technique and they pointed out the advantage in the management of non-compliant patients. Radiation exposure during paranasal sinus CT is of concern, because radiation sensitive organs, such as the eye lenses, the thyroid gland, the salivary glands, the oral mucosa, the extrathoracic airways, the red bone marrow, and bone surface as well as the brain are within or close to the scanning field (14, 28) . Furthermore, a predominance of young patients in assault-related maxillofacial trauma has been observed in previous studies (4, 24, 29) , underlining the necessity to keep exposure as low as possible. Different strategies for lowering radiation dose in paranasal sinus CT have been suggested, e.g. by IR (30, 31) , increased pitch (9, 14, 32) , lowered tube potential (33) , or tin-filtration of the source spectrum (19) . Automated exposure control in combination with the high-pitch dual-source technique has been investigated for the first time in this study. With third-generation DSCT, a reduction of the CTDIvol up to 73% was revealed. Even the patient group with fixed 50 mAs and a pitch of 2.2 had significantly lower exposure parameters than the patient group examined on second-generation DSCT with the same tube setting and a pitch factor of 3.0. This is probably due to the inherent technical developments with more dose-efficient detectors, more powerful tubes with smaller focal spot, and a more efficient dynamic collimator on the detector site, referred to as adaptive dose shield.
Initial results of paranasal sinus CT with third-generation DSCT using tin-filtration and the latest IR technique (ADMIRE) showed promising dose reduction with improved image quality in comparison to protocols without tin-filtration (19) . Schulz et al. (31) observed better subjective image quality for the evaluation of inflammatory sinus disease with FBP even though image noise was lower in the image sets reconstructed with SAFIRE. An overall increased softening of cortical structures and bone edges caused by the iterative process was discussed as a reason. Conversely, subjective image quality was rated better for the iteratively reconstructed image sets in our study. Reasons may be a higher tolerance to the softened image impression in general as IR is used quite a while in clinical routine already, but also a markedly improved and more naturally appearing image with the third-generation IR algorithm used here. Lell et al. (19) pointed out, that for specific indications, e.g. preoperative planning, a higher image quality level is required in Subjective image quality was rated best in group 2 using fixed 50 mAs and third-generation DSCT with a pitch of 2.2 without significant difference to groups 1 and 3. Image quality of group 4 was significantly lower for both readers (P < 0.001). Flash, second generation; Force, third-generation DSCT.
comparison to the sole evaluation of paranasal inflammatory diseases. In our study, objective image quality decreased significantly in the groups using AEC, whereas the subjective image quality remained at an overall good level. With average image noise values of 50-52 HU, both groups using AEC and ADMIRE are near the lower limit of the pixel noise range for ''normal-dose sinus CT'' suggested by Hojreh et al. (34) . Interestingly, there was a significant dependency of subjective image quality and pitch factor in our study. Whereas the group with AEC and a pitch of 2.2 was rated similar to the two groups with fixed tube current, the subjective image quality was worse in the group with AEC and a pitch of 3.0. The reason were streaky artifacts, especially along the skull base and bony edges, that occur due to a deficient interpolation with high-pitch factors in dual-source mode.
Since there was no difference in exposure parameters between the two AEC groups, a pitch of 2.2 should be preferred. Another argument to use the lower pitch mode is the so-called ''z-overscanning,'' which is pitch-dependent: an increased pitch factor leads to a less homogenous radiation distribution along the z-axis resulting in an increase of the radiation exposure (19) . Main limitations of our study were the retrospective design and the relative small number of patients. Another limitation is the variability of the scan lengths, which may have distorted the analysis of acquisition times. Thus, we decided to compare CTDIvol instead of DLP values, as they are more appropriate in this context. However, the benefit according to scan time using third-generation DSCT was demonstrated. The diagnostic accuracy for maxillofacial fractures in the individual groups could not be assessed, as there is no standard of reference. Finally, while alcohol intoxication was proven in all patients based on lab results and history, additional intoxication using other drugs could not be ruled out.
In conclusion, third-generation DSCT yields faster acquisition times and substantial radiation dose reduction in paranasal sinus CT with AEC. A pitch of 2.2 should be preferred, as it results in fewer artifacts. If AEC is used, latest IR methods ensure that diagnostic image quality is guaranteed for the evaluation of maxillofacial trauma.
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